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(54) IPS RECEPTOR LIGANDS 

(57) A compound represented by the general formula (I) or a salt thereof, wherein R represents a group represented 
by the following formula (A). (B) or (C) wherein Ri and independently represent a C,^ allcyl group. R3 represents 
an amino group, a mono(Ci.6 alkyl)amlno group, a dl(C,.8 alkyljamino group or a C,^ alkoxy group and X-represents 
an anion, and n represents an integer of 2 to 5. The compound or a salt is useful as a ligand of inositol-1 ,4,5-trlsphos- 
phate (IP3) receptor. 
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Description 

Technical Field 

s [00011 The present Invention relates lo a ligand of inositoM,4,5-trisphosphate receptor. 
Background Art 

[0002] D-Myo-inosllol-1,4,6-trlsphosphatB (herein occasionally abbreviated as "JP3") is a second messenger that 
10 binds to the IP3 receptor to cause release of Ca^* from the Ca2+ storage sites in cells, and it controls kinetics of 
intracellular Ca^-^ concentration In variety of cells. IP3 plays an important role for control of various cellular functions 
such as secretion, Insemination, muscular contraction, nervous signal transmission and cellular growth (Berridge. M. 
J., Nature, 361. 315, 1993; Clapham, D.E.. Cell. 80, 259, 1995). 

[0003] In order to study the signal transmission induced by IPg, a lot of IP3 analogues have been synthesized (Li, 
^5 w., et al., Nature. 392, 936, 1 998; McCarren, M. et al.. J. Neuron, 3. 461 , 1 989), and the structures of the receptors 
and other IP3 binding proteins have been examined (Mourey, R.J. et al., Biochemistry, 32, 1719, 1993). It has been 
reported that, even though the phosphate In the 1 -position of IP3 Is modified, Its binding affinity to the IP3 receptor is 
not substantially affected (Schafer, R., et al.. Blochem. J, 272, 817, 1990; Prestwich, G.D. et al., J. Am. Chem. Soc, 
113, 1822, 1991). It is known that adenophostins, metabolites Isolated from a culture of Peniclliium brevlcompacium, 
20 are most potent agonists to the IP3 receptors (TakahashI, M., et al., J. Biol. Chem., 269, 369. 1994). 

Disclosure of the Invention 

[0004] The Inventors of the present invention conducted various studies to provide a novel IP3 receptor Kgand. As 
2s a result, they unexpectedly found that compounds having extremely high affinity to the IP3 receptor can be provided 
by modifying the phosphate In the 1-position of IP3 with a dye derivative or a fluorescent dye derivative such as malachite 
green and fluorescein. The present invention was achieved on the basis of the above findings, 
[0005] The present Invention thus provides compounds represented by the following general fomiula (i) or salts 
thereof: 



30 



OH 



0 

0-p-O— {CH2)„'-NH-C0-R 
OH 

OH 



35 



H2O3PO 



HO. 




(I) 



40 



OPO3H2 



Wherein R represents a group represented by the following formula (A), (B) or (C): 



45 



50 



55 
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10 



15 






20 wherein and independently represent a C^^ alkyi group; represents an amino group, a fnono(C^.6 alkyl)amino 
group, a di(Ci^ alkyl)amino group, or a C^^ alkoxy group; and X- represents an anbn» and n represents an integer of 
2 to 5. 

[0006] According to preferred embodiments of the present invention, provided are the aforementioned compounds 
or salts thereof, wherein the compounds represented by the general formula (i) are those represented by the following 
2s fomiula(l-l): 



30 



1 

OH 



(M) 



OPO3H2 



wherein R has the same meaning as that defined above; the aforementioned compounds or salts thereof, wherein R 
is a group represented by the formula (A) wherein R^ and R^ represent a methyl group, R^ represents a dimethylamino 
40 group, and X- represents a chlorine ion, and n is 3; and the aforementioned compounds or salts thereof, wherein R Is 
a group represented by the formula (A) wherein R^ and R^ represent a methyl group. R^ represents a dimethylamino 
group and X- represents a chlorine ion, and n is 3. 

[0007] From another aspect of the present Invention, there are provided iP3 receptor ligands which comprises a 
compound represented by the aforementioned general formula (1) or a salt thereof. IP3 receptor can be denatured by 

45 binding the aforementioned IP3 receptor iigand and then irradiating with light. Therefore, the IPs receptor ligands com- 
prising the compound represented by the aforementioned general fonnula (i) or a salt thereof are useful as regents 
for denaturing the IP3 receptor. The present Invention afso provides medicaments comprising the compound repre- 
sented by the aforementioned general formula (1) or a salt thereof. These medicaments are useful as agents for pro- 
phylactic and/or therapeutic treatment of diseases resulting from supernumerary IP3 or hyper-expression of the IP^ 

50 receptor. 

[0008] From still further aspect of the presenX Invention, there are provided methods for denaturing the IP3 receptor, 

whfch comprise the steps of binding the compound represented by the aforementioned genera! formula (I) or a salt 
thereof to the IP3 receptor and then irradiating the result with light. The present Invention also provides cells or cell 
extracts, of which IP3 receptor Is denatured, preferably by the aforementioned methods. 

55 

Brief Explanation of the Drawings 



[0009] Fig. 1 shows that the compounds of the present invention act as IPs receptor ligands. In the figure. Fig. 1 A 
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depicts the fesulls of the surface plasmon resonance induced by (BD and BSA. Fig. 1 B depicts {he results of compelllive 
assay of IP3, Compound 1, Compound 2a and Compound 2b, which indicates thai binding of IBD to a Compound 
Mmmobilized tip was inhibited by these compounds. Fig. 1C depicts the results of competitive assay of Compound 
2b and carboxymalachlle green (CMG) at a low concentration of IBD. The IBD concentration was 52.B nM (B) or 1 .76 

oM (C). 

[001 0] Fig. 2 shows that the IP3 receptor was successfully denatured by binding a compound of the present Invention 
with the IP3 receptor and then carrying out irradiation with light. Fig. 2A depicts the results that Ca^* releasing activity 
Induced by IP3 was suppressed after laser irradiation; Fig. 2B depicts the results that when laser irradiation time was 
changed, the Ca^-* releasing activity was suppressed in an irradiation time-dependent manner; Fig. 2C depicts that 
the Ca2+ releasing activity was not reduced only by the laser Irradiation or only by the addition of Compound 2b as 
compared with the releasing activity in the absence of the addition of Compound 2b and the laser radiation, whereas 
the Ca^- releasing activity was remarkably reduced when both of the addition of Compound 2b and the laser radiation 
were applied. 

Best Mode for Carrying out the Invention 

10011 J The C,^ alkyi group represented by and may be linear, branched cyclfc, or a combination thereof. For 
example, methyl group, ethyl group, n-propyl group, isopropyl group, cyclopropyl group, n-butyl group, sec-butyl group, 
isobutyl group, cyclobutyl group, cyclopropylmelhyl group, n-pentyl group, n-hexyl group, cyclohexyl group and the 
like may be used. It is preferred that R* and R2 are methyl groups. As an alkyI group in the mono(Cv6 alkylamino) 
group or di(C^.6 alkyl)amlno group represented by R3 or an alkyI moiety in the C^.g alkoxy group, the C^,q alkyI groups 
explained above can be used. As R^, dimethylamino group is prefen-ed. X- represents an anion, and its type is not 
partteularly limited. For example, a halogen ion such as a chlorine ion Is preferred. Symbol n represents an Integer of 
2 to 5, and Is preferably 3. R is preferably a group represented by the aforementioned formula (A), I.e., a residue of 
malachite green. 

[001 2J The compounds of the present invention represented by the aforementioned formula (I) can be prepared 
according to the following scheme. 



OH OH 0 




0P0gH2 2b Rqnalachite green 



(In the scheme, the preparation of the compound wherein n is 3 is shown.) 

[0013J ID-1-0-(3-AamlnopropyM-(phospho)-myo-inositol-4,5-bisphosphate (Compound 1: Struplsh, J., et al., Blo- 
chem. J., 253, 901, 1988) can be prepared through 14 steps from D-myo-inositol (Prestwich. G. D , et aL. J. Am. Chem. 
Soc, 113. 1822, 1991; Ozaki, S.. et al, J. Chem. Soc. Perkin Trans. 1. 1992, 729; Gigg, J., et al., J, Chem. Soc. Perkin 
Trans. 1, 423, 1987; Bannwarth, W., et al., Helv. Chim. Acta. 70, 175, 1987). The compounds of the present invention 
can be prepared by reacting Compound 1 to with an ester of N-hydroxysuccinimide and a fluorescein derivative or 
malachite green derivative or the like. For example. Compound 1 dissolved in 0.1 M NaHCOa buffer (pH 8.3) may be 
added with the aforementioned N-hydroxysuccinimide ester in the presence of a soh/ent such as dimethylfonnamlde, 
and then the mixture is reacted at room temperature for 2 to 3 hours under light shielding. 
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[0014] The 4-(Mrboxyrnalachlte green) N-hydfoxysuccinimide esler (CMG-SE). a product ol esterificaiion ot N-hy- 
droxysucdrnrriideTcari be obtained by, for example, acylaiing N-hydroxysucclnimide (NHS) with an acid condensate 
of 4-cartoxybenzaldehyde (one equivalence) and dimethylanHlne (two equivalences) in the presence of N- 
ethy)-N'-(3-dlmethylaminopropyl)carbodilmide (EDC) hydrochloride and then oxidizing the product with 2,3-dichloro- 
5 5,6-dicyano- 1 ,4'benzoquinone (DDQ). S-Carboxyfluorescein-N-hydroxysuccinimide ester (CF-SE) can be obtained as 
a connmercially available product (for example, available from Research Organics, Inc.). 

[001 5] The conripounds of the present invention represented by the fomiula (I) may f onn salts, and any of such salts 
fall within the scope of the present invention. 

Further, the compounds may form an intramolecular ion pair (zwitterion). The compounds of the present invention may 
10 have one or more asymmetric carbons depending on the type of a sukistituent, and any of stereoisomers such as 
optically active isomers and diastereolsomers, any mixtures of stereoisomers, racemates and the like forth fall within 
the scope of the present invention. As for the group represented by R, tautomers may occasionally exist, and any of 
such tautomers fall within the scope of the present invention. Furthermore, the compounds of the present invention in 
free forms or salts thereof may exist as hydrates or solvates, and such substances also fall within the scope of the 
15 present invention. 

[0016] The compounds represented by the aforementioned general formula (1) have high affinity to the IP3 receptor, 
and are useful as IP3 receptor ligands. Since the compounds of the present invention have a chromophore or a lluor- 
ophore, they can be used as, for example, fluorescent regents for measuring affinity of a test substance to the IP3 
receptor. Specific examples of such methods will be described in detail in the examples of the specification. Further. 

20 by binding the compound of the present invention to the IP3 receptor and the carrying out Irradiation with light, the IPg 
receptor to which the compound of the present Invention binds can be denatured. For example, by irradiating cultured 
cells, cultured tissues, cell extracts and the like with light in the presence of the compound of the present invention, 
the IP3 receptor can be denatured in vitro. Further, a laboratory animal in which the function of the IP3 receptor Is 
reduced or tenrtinated can be created by administering the compound of the present invention to a mammal excluding 

^5 a human, and then subjecting the mammal to light irradiation to denature IP3 receptors in vivo. 

[0017] Furthermore, for the treatment of a disease resulting from supernumerary IPs or hyper-expression of the IP3 
receptor, the compound of the present invention can be administered to a mammal including human as a medicament, 
and then the mammal can be subjected to light irradiation to reduce the function of the tP3 receptor in vivo to treat the 
disease. Therefore, the present invention provides methods for denaturing the IP3 receptor, whk:h comprises the steps 

30 of binding the compound represented by the aforementioned general formula (I) or a salt thereof to the IP3 receptor 
and then carrying out irradiation with light; cells or cell extracts in which the IP3 receptor are denatured: and agents 
for denaturing the IP3 receptor which comprises the aforementioned IP3 receptor ligand. The condition of the light 
Irradiation for denaturation of the IP3 receptor can be chosen depending on the characteristcs of a dye derivative or 
a fluorescent dye derivative of the aforementioned IP3 receptor ligand. Usually, the Irradiation can be carried out by 

35 using a laser light having a long wavelength of about 620 nm or about 500 nm that does not affect the cells. 

[0018] The medicament of the present invention comprises one or more substances selected from the group con- 
sisting of the compounds represented by the aforementioned formula (I) and salts thereof, and hydrates thereof and 
solvates thereof as an active Ingredient. The aforementioned substances, per se, may be administered as the medi- 
cament of the present invention. Preferably, the substance may be administered as a pharmaceutical composition. 

40 The form of the phanmaceutical composition is not particularly limited, and a pharmaceutical composition for oral ad- 
ministration or parenteral administration can be produced by using one or more kinds of suitable additives for pharma- 
ceutical preparations and then administered. Examples of the pharmaceutical composition suitable for oral adminis- 
tration include, for example, tablets, capsules, powders, subtilized granules, granules, solutions, syrups and the like. 
Examples of the pharmaceutical composition suitable for parenteral administration include, for example, injections, 

45 suppositories, inhalants, eye drops, nasal drops, ointments, creams, patches and the like. 

[0019] The aforementioned phamriaceutical composition can be produced by adding pharmaceutically and pharma- 
cologically acceptable additives. Examples of the phamr\aceutically and pharmacologically acceptable additives in- 
clude, for example, excipients, disintegrating agents or disintegrating aids, binders, lubricants, coating agents, dyes, 
diluents, bases, dissolving agents or dissolving aids, isotonic agents, pH modifiers, stabilizers, propellants, adherent 

50 and the like. 

[0020] Doses of the medicament of the present invention are not partteularly limited. The doses can be suitably 
chosen depending on the type of action and potency of the action of the medicament, and suitably increased or de- 
creased depending on various factors to be ordinarily considered such as the body weight and age of a patient, the 
type and symptoms of a disease, an administration route and the like. For example, for oral administration, the medi- 
55 cament can be used In an amount of from 0.01 to 1 .000 mg per day for an adult. After the medicament of the present 
invention is administered, therapeutic or prophylactic treatment of a disease resulting trom supernumerary IP3 or hyper- 
expression of the IP3 receptors can be conducted by performing light irradiation at a strength sufficient for reducing 
the function of the IP3 receptor in vivo. Strength and frequency of the iight irradiation can suitably be chosen by those 
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skilled in the art depending on a dose and an administration route of the medicament of present invention, the type of 
a disease, the body weight and age of a patient and the like. 

Examples 

5 

[0021] The present Invention will be more specifically explained with reference to the following examples. However, 
the scope of the present invention is not limited to the following examples. 

Example 1 : Preparation of compounds 

10 

[0022] 1D-1-0-(3-Aminopropyl-1-(phospho)-myo-inositol-4,6*bisphosphale (Compound 1 shown in the aforemen- 
tioned scheme, Strupish J., el al., Biochem. J., 263. 901 , 1 988) was prepared according to a method described in the 
literature (Prestwlch, G.D., et a!., J. Am. Chem. Soc. 113. 1822, 1991; Ozaki, S., el aL, J. Chem. Soc. Perkin Trans. 
1. 1992, 729; Gigg, J., et al., J. Chem. Soc. Perkin Trans. 1, 423, 1987; Bannwarth, W., et al, Helv. Chim. Acta, 70. 1 75, 

IS 1 987). N-Hydroxysuccinlmide (NHS) was acylaled in the presence of N-ethyl-N'-(3'dimelhylaminopropyl)-carbodirmide 
(EOC) hydrochloride by using an acid condensation product of 4-cafboxyben2aldehyde (one equivalence) and dlmelh- 
ylanlllne (two equivalences) as an acylallon agent. Then, the product was oxidized with 2,3'dIchloro-5,6-dteyano- 
1,4-ben2oquinone (DDQ) to obtain 4-(carboxymalachi1e green)-N-hydroxysuccinimide ester (CMG-SE). 
[0023] Compound 1 In 0.1 M NaHCOg buffer (pH 8.3) was added with 5-carboxyfluoresceln-N-hydroxysucclnimide 

20 ester (CF-SE, Research Organics, Inc.) or CMG-SE, and then the reaction mixture was stirred at room temperature 
for 2 to 3 hours to obtain Compound 2a or 2b mentioned in the aforementioned scheme, respectively CMG-SE, Com^ 
pounds 2a, and 2b were purified by C^b reverse phase HPLC. The optical purities of the aforementioned compounds 
were calculated from the specific rotation of 1D-4.5-dl-0-altyl-3,6-dl-0'ben2yl-1-l-methoxyacelyl-myo-lnosltol (inter- 
mediate product of Compound 1 , Ozaki, S., et al., J. Chem. Soc. Perkin Trans. I, 729, 1992). 

25 Spectrum data (Radenberg, T, et al.. Biochem. J., 264. 323, 1989): 1D-4,5-dl-0-allyl-3,6-dl-0-benzyl-M-methoxy- 
acetyl-myo- inositol: [oPq = -52.5 (c 2.2, CHCI3): 

4-(Carboxymalachlte green)-N-hydroxysucclnimide ester (CMG-SE): ^H-NMR (CDCI3) 5 2.96 (s, 4H), 3.37(s, 12H), 
6.96 (d, J = 8.79Hz. 4H). 7.37 (d. J = 8.79 Hz.4H), 7.49 (d, J = 8.22 Hz. 2H), 8,29 (d, J= 8.22 Hz. 2H); FABMS 470(M)+ 
Compound 2a: ^H NMR (DgO) 6 1.88 (m. 2H). 3.46 (m.2H), 3.58(dd, J =: 2.37, 9.78 Hz. 1H), 3.77 (t. J = 9.15 Hz. 1H), 
30 3.87-4.00 (m, 4H), 4.14 (t. J = 2.19 Hz, 1H), 4.22 (dd, J =8.79, 9.69 Hz, 1H). 6.96 (dd, J = 2.19, 9.24 Hz, 2H), 7.08(d, 
J = 2.19 Hz, 2H). 7.29(d. J = 9.15 Hz. 2H), 7.38 (d, J = 7,71 Hz. 1H), 8.07 (dd, J = 1 .65. 7.95 Hz, 1H), 8.50 (d, J = 1 .11 
Hz, 1H): FABMS 836 (MH)+ 

Compound 2b: "^H NMR(D20) 6 1.80 (m, 2H), 3.14 (s, 12H), 3.35 (m. 2H). 3.47 (dd. J = 2.5B. 9.80 Hz. 1H), 3.69 (t, J 
= 9.54 Hz. 1H), 3.82-3,97 (m, 4H). 4.07 (t. J = 2.91 Hz. 1H), 4.21 (dd, J =6.21 , 9.54 Hz. 1H), 7.20 (d, J = 8.25 Hz, 2H). 
35 7.32 (d. J = 8.79 Hz, 4H). 7.46 (d, J = 8.97 Hz, 4H), 7.59 (d, J = 8.43 Hz, 2H): FABMS 832 (M)+ 

Example 2: Binding assay 

(1) Expression and purification of human IP3 receptor type 1 

40 

[0024] The IP3 binding domain (IBD, amino acid residues 1-885, Mignery, G.A., et al., EMBO J.. 9, 3893. 1990) of 
human IP3 receptor type 1 (Yamada, N., et al.. Biochem. J., 302, 781 . 1994) was subcloned In pGEX2T (Amersham 
Pharmacia) for expression in bacteria. The N-temilnus of IBD was fused to glutathione S-transferase using a linker 
sequence Leu-Val-Pro-Arg-Gly-Ser. whilst the C-lerminus of IBD was labeled at His using a linker sequence Leu-Val- 
45 Pro-Arg-Gly-Ser. The protein was expressed In Escherichia colt BL-21 (DE3), and a recombinant protein was purified 
by using a resin on which NI-NTA was immobilized (Amersham Phannacia) and a HITrap NHS-activated atfinily column 
(Amersham Pharmacia) to which Compound 1 was bound. The purity of protein was calculated as 22% based on the 
result from SDS-PAGE. 

50 (2) Measurement of surface plasmon resonance 

[0025] Surlace plasmon resonance (SPR) was measured by using BIAcore 2000 (Amersham Phannacia). After ac- 
tivation with NHS and EDC, 1 0 mM of Compound tin 1 00 mM borate buffer (pH 8.5) was bound to the surface of CMS 
sensor tip, and inactivated with ethanolamine. In order to determine dissociation constants of IP3, Compound 1. Com- 
55 pound 2a, and Compound 2b, IBD purified beforehand was dissolved in a mobile phase buffer (10 mM HEPES, 150 
mM NaCi, 3.4 mM EDTA and 0.005% Tween20. pH 7.4) together with each of the compounds. After each sample was 
injected, the tip surface was regenerated with 100 mM isfaOH. 

[0026] IBD bound to the tip in a concentration-dependent manner, however, non-specific binding with 6SA (or glu- 
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tathione S-translerase) was nol observed. From these results, obtained by injecting the IBO or bovine serum albumin 
(BSA) at various concentrations (Fig. 1A), it was revealed that the Compound 1 -immobilized sensor tip was suitable 
for this assay, in order to determine affinity of IP3, Compound 1 , Compound 2a and Compound 2b to fBD. a competitive 
assay was perfomied as follows. IBD (52.8 nM) was mixed with each of the aforementioned compounds at various 
5 concentrations. When the mixture was introduced onto the tip, a compound that competed with Compound 1 was 
bound to IBD and thereby immobilized on the tip surface (Fig.. IB). SPR obtained from this assay was applied to the 
equation to calculate dissociation constant {H^) of each compound. 

(3) Calculation of dissociation constants 

10 

[0027] For calculation of of each compound, the resulting data plotted in Figs. IB and 1C were applied to the 
formula: 100[1 - [X + Y + - (X2 + 2X[K^ ■ Y) + (K^ + Y)2}i/2]/2YJ wherein X and Y are a concentration of each 
compound and IBD concentration, respectively. Since of Compound 2b was considerably lower than the half of the 
IBD concentration, the value was not calculated accurately. Therefore, the IBD concentration was lowered to 1 .76 nM, 

'5 and the competitive assay for Compound 2b was performed again (Fig. 1 C). The binding assay was carried out under 
a light condition and under a dark condition to verify that the binding was not affected by light. In order to calculate 
non*specific binding of Compound 2b to the IP3 receptor, carboxymalachite green (CMG, the hydrophobic moiety of 
Compound 2b) was Injected during the competitive assay (Fig. 1C), and as a result, non-specific binding was not 
observed. Therefore, It was demonstrated that Compound 2b specifically bound to the IP3 receptor. 

20 [0028] The affinity of Compound 1 was about 1/6 of that of IP3 (Prestwich. G.D., et al., J. Am. Chem. Soc.. 113, 1822. 
1 991 ), whereas the affinity of Compound 2a was almost the same as that of IPs, and Compound 2b had 1 67-fold higher 
affinity than IP3 (Table 1). 



Table 1 



Compound 


Kj[nM) 




195 


1 


1100 


2a 


188 


2b 


1.17 



Example 3: Denaturatlon of the IP3 receptor by light Irradiation by using the compound of the present Invention 

(1) Preparation of a tissue specimen 

35 

[0029] A strip of smooth muscle tissue prepared from a portal vein of male guinea pigs (weight 200-300 g) was fixed 
on a stainless steel wire to prepare a tissue specimen. 

(2) Measurement of Ca^^ releasing activity 

40 

[0030] The above specimen was incubated at SS'^C for 3.5 hours in a 40 |iM solution of mag-fura-2 AM (Molecular 
Probes) as a Ca2+ fluorescent indicator to have the mag-fura-2 AM taken up by the specimen. Subsequently, the 
specimen was incubated at 35^0 for 1 .5 to 2 hours in a 40-60 ^M solution of p-escin as a surfactant to remove the 
mag-fura-2 AM present other than in intracellular organelles. 

[0031] The specimen was inserted Into a glass capillary, and then initial change of fluorescence intensity ratio (flu- 
orescence intensity at Ex. 340 nm, Em.4B0 nm/fluorescence intensity at Ex. 375 nm, Em. 480 nm, i.e.. releasing rate), 
at addition of various solutions to the specimen, was fitted to an exponential curve to obtain a value as Ca^-^ releasing 
activity. As the fluorescence photometer, CAF-110 (JASCO) was used. 

(3) Method for denaturing the iPg receptor by light Irradiation using the compound of the present invention 

[0032] The tissue specimen prepared fn the above (1) was added with 1 nM IP3, and its Ca^^ releasing activity was 
measured (before irradiation). This specimen was removed from a fluorescence photometer after the measurement, 
and the inside of a capillary was filled with 1 solution of Compound 2b. The specimen was then irradiated with laser 
for 3 minutes, while prevented from drying by pipetting operation. 

[0033] After the laser irradiation, the specimen was again placed on the fluorescence photometer, and then added 
with 1 |iM IP3 to determine the Ca^-* releasing activity. The results (after the Irradiation) were compared with the values 
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obtained before the irradialion. It look allover 2.5 minutes to take out the specimen from the fluorescence photometer 
add Compound 2b, and then start the Irradiation, and It also took 1 .5 minutes to return the specimen to the fluorescence 
photometer after the completion of the laser irradiation (i.e., the operation time was Irradiation time + 4 minutes). For 
a control experiment In which laser irradiation was not applied, the specimen was added with Compound 2b. and after 

5 2.5 minutes, the specimen was subjected only to pipetting operation tor 3 minutes and left for 1 .5 minutes, and then 
the measurement was continued. The result of "0 minute" of the irradiation time in the experiment where irradiation 
time was varied, the specimen was filled with a solution of Compound 2b and left for 4 minutes, and then the meas- 
urement was started. As the laser. YAG: Nd-pumped day laser (wavelength 635 nm, pulsed 2-4 ns, 15 mJ per pulse 
at lOHz, 3 mm diameter laser spot, Continuum) was used. 

10 [0034] Suppression of the Ca2+ releasing activity induced by IP3 was observed after the laser irradiation (Fig. 2A). 
When the laser irradiation time was varied, the Ca^*^ releasing activity was suppressed In an irradiation time-dependent 
manner (Fig. 2B). The Ca^^ releasing activity was not reduced under a condition of laser irradiation alone or mere 
addition of Compound 2a compared with the releasing activity obtained under a condition without the addition of Com- 
pound 2a and laser Irradiation. Whilst marked reduction of the Ca^^ releasing activity was obsen^ed when both of laser 

'5 irradiation and addition of Compound 2a were applied (Fig. 2C). 

[0035] From the above results, it was verified that the IP3 receptor bound with the compound of the present Invention 
can be denatured by binding a compound of the present invention to the IP3 receptor and applying light irradiation. 

Industrial Applicability 
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[0036] The compounds represented by the aforementioned general formula (I) and salts thereof have a property of 
binding to the IPg receptor as a llgand. For example, the IP3 receptor can be denatured by binding the IP3 receptor 
ligand to the IP3 receptor, and then applying light Irradiation. Therefore, they are useful as an active ingredient of 
medteaments. 
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Claims 



1 . A compound represented by the following general fonnula (I) or a salt thereof: 



so 



OH 



O 

ii 

{CH2)n-NH-C0-R 



35 



H2O3PO 



HO, 




OH 



OPO3H2 



40 



wherein R represents a group represented by the following fomnula (A), (B) or (C): 



45 



so 



55 
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so wherein and independently represent a 0^.6 alkyi group, R^ represents an amino group, a mono(C^^ allcyl} 
amino group, a dKC^.^ alkyl)amlno group, or a C^^ alkoxy group, and X- represents an anion, and n represents 
an integer of 2 to 5. 

2. The compound or a salt thereof according to claim 1 , wherein the compound represented by the general fonmula 
ss (I) Is a compound represented by the following formula (1-1): 



35 



OPOaHs 

wherein R has the same meaning as that defined above. 

3. The compound or a salt thereof according to claim 1 or 2, wherein R is a group represented by the fonmula (A) 
^0 wherein R^ and R2 represent a methyl group, represents a dimethylamino group, and X- represents a chlorine 

ion, and n Is 3. 

4. An IP3 receptor llgand, which comprises a compound or a salt thereof according to any one of claims 1 to 3. 

^5 5. A method for denaturing an IP3 receptor, which comprises the steps of binding a compound or a salt thereof 
according to any one of claims 1 to 3 to the IP3 receptor and applying irradiation with light. 

6. A cell or a cell extract in which an IP3 receptor Is denatured by the method according to claim 5. 

50 7. A regent for denaturation of an IP3 receptor, whteh comprises a compound or a salt thereof according to any one 
of claims 1 to 3. 

8. A medicament comprising a compound or a physiologically acceptable salt thereof according to any one of claims 
1 to 3. 

55 
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A 




Protein concentration (nM) 



B 




Compound concentration(nM) 



C 




Compound concentration<nM) 
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« 

« Irradiation tim0(min,) 



c 

□ Pre*treatfnent 
■ Post-treatment 




Laser • <«. . 4. 
Compound - - 2b 2b 
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